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The phenomena of adhesion and cohesion are reviewed and discussed with particular reference to dentistry. This review considers
the forces involved in cohesion and adhesion together with the mechanisms of adhesion and the underlying molecular processes
involved in bonding of dissimilar materials. The forces involved in surface tension, surface wetting, chemical adhesion, dispersive
adhesion, diﬀusive adhesion, and mechanical adhesion are reviewed in detail and examples relevant to adhesive dentistry and
bondingaregiven.Substratesurfacechemistryanditsinﬂuenceonadhesion,togetherwiththepropertiesofadhesivematerials,are
evaluated. The underlying mechanisms involved in adhesion failure are covered. The relevance of the adhesion zone and its impor-
tance with regard to adhesive dentistry and bonding to enamel and dentin is discussed.
1.Introduction
Everyclinicianhasexperiencedthefailureofarestoration,be
it loosening of a crown, loss of an anterior Class V restora-
tion, or leakage of a composite restoration. The procedure is
much the same for any such failure, namely, removal of resi-
dual adhesive or luting agent and recementation of the resto-
ration. The clinical notes will describe the problem as, com-
monly, adhesive or cohesive failure based on a simple classi-
ﬁ c a t i o ns y s t e ms u c ha st h a ti nFigure 1.T h ec a u s e so fs u c h
failures are seldom addressed by most clinicians.
Adhesion and cohesion are terms that are often confused
although these subjects are discussed in many standard texts
in dental biomaterials science [1–3]. There are also many
excellent texts and monographs on adhesion, cohesion, and
interfacial reactions [4–6] together with a comprehensive
treatment in the on-line encyclopedia, Wikipedia. Since ad-
hesion and cohesion play a very important role in the use of
luting agents, an in-depth discussion is appropriate in view
of the communications presented in this issue.
The Merriam-Webster dictionary has several deﬁnitions
of the word “adhesion” but the most apposite here is the
molecular attraction exerted between the surfaces of bodies
in contact. This dictionary likewise has several deﬁnitions
of the word “cohesion” but the most pertinent here is the
molecular attraction by which the particles of a body are uni-
ted throughout the mass. In other words, adhesion is any at-
traction process between dissimilar molecular species, which
have been brought into direct contact such that the adhesive
“clings” or binds to the applied surface or substrate. The
postsurgical complication of adhesions, involving soft tis-
sues, will not be discussed here.
In contrast, cohesion is an attraction process that occurs
between similar molecules, primarily as the result of chem-
ical bonds that have formed between the individual compo-
nents of the adhesive or luting agent. Thus, cohesion may
be deﬁned as the internal strength of an adhesive due to
various interactions within that adhesive that binds the mass
together, whereas adhesion is the bonding of one material to
another, namely, an adhesive to a substrate, due to a number
of diﬀerent possible interactions at the adhesive-substrate
surface interface. These diﬀerences are shown schematically
in Figure 2. In dentistry, when a restoration is cemented or
bonded to a tooth, adhesive forces bind the luting agent to
the restoration on one side and to the tooth on the other side
with cohesive forces operating within the luting agent itself,
Figure 3.
The characteristics of chewing and bubble gums clearly
indicate the diﬀerence between cohesion and adhesion. Gum
holds together during mastication because of good cohesion2 International Journal of Dentistry
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Figure 1: Adhesive and cohesive joint failures.
and, in the case of bubble gum, enables the gum to be blown
into a bubble. These materials, however, exhibit poor adhe-
sion in that they do not readily stick to the teeth, oral tissues,
or other surfaces, unless mechanical eﬀects intervene. If, for
example, gum while being chewed can lodge into under-
cuts or between teeth, it can get locked in and may be torn
away from the bulk of the gum, that is, mechanical inter-
locking of the gum within the interproximal area is greater
than the cohesive strength of the gum. Likewise, chewed
gum does not stick well to smooth surfaces such as glass or
polished metal because of its poor adhesion. However, if the
masticatedandsoftenedgumispressedontoaroughsurface,
the gum will distort and ﬂow into gaps, rugosity and voids
in the surface such that it “sticks,” often very tightly, to that
surface, as most of us know when we try to scrape discarded
gum oﬀ the soles of our shoes.
Likewise, zinc phosphate cement has good cohesive
strength but exhibits poor adhesion to smooth surfaces. In
particular, it does not bond, chemically to surfaces and its
bonding or adhesion, that is, its application as a luting agent,
is possible only through mechanical interlocking at the inter-
face with the restoration and that with the tooth. Zinc phos-
phate cement, however, does possess good cohesive strength,
even in thin ﬁlms, so that when used as a luting agent for
restorations subject to high masticatory stresses, it can sup-
port elastic deformation [7].
In every situation involving an adhesive and a substrate,
the combination of adhesion and cohesion determines the
overall bonding eﬀectiveness. The adhesive bond will fail if
the adhesive separates from the substrate or there is internal
breakdown of the adhesive (i.e., cohesive failure), Figure 1.
2. Forces in Cohesion
Thecohesivestrengthofalutingagentoradhesive,regardless
of its chemical composition, is determined by a number of
molecular forces:
(1) the chemical bonds within the adhesive material,
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Figure 2: Adhesion and cohesion.
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(2) chemical bonds due to crosslinking of the polymer(s)
within a resin-based material,
(3) intermolecular interactions between the adhesive
molecules, and
(4) mechanical bonds and interactions between the
molecules in the adhesive.
These molecular interactions, really intermolecular for-
ces, aﬀect the properties of the uncured (unset) adhesive,
typically the consistency, ﬂow properties, and viscosity of the
adhesive. When the adhesive sets or “cures” to a solid mass,
solidiﬁcation occurs through bonds formed between the
molecules in the adhesive, through formation of new bonds
and by strengthening of existing bonds. This overall process
typically consists of crosslinking of short chain molecules to
form longer chains and/or formation of 3-dimensional net-
works of molecular chains. The latter is the common mech-
anism involved in the setting of zinc oxide-based dental
cements. It follows from this that the cohesive strength of an
adhesive is signiﬁcantly aﬀected by the curing conditions
and, when curing/setting occurs under suboptimal condi-
tions, the adhesive will lack cohesive strength.
Suboptimal conditions during the setting or solidiﬁca-
tion process is a common concern in restorative dentistryInternational Journal of Dentistry 3
and all luting agents, regardless of composition and charac-
teristics, must be protected against the eﬀects of oral ﬂuids
prior to and during the curing process to avoid detrimental
eﬀects on the setting reactions. Ingress of saliva and oral ﬂu-
ids into the adhesive during the setting process will adversely
aﬀect the curing reactions of both inorganic and organic
adhesive materials, commonly reducing strength, bonding
eﬃciency and the degree of cure. Thus, ﬂuid ingress will not
only imperil the integrity and eﬃcacy of the adhesive-sub-
strate interactions at both the tooth and restoration inter-
faces but also decrease the cohesive strength of the adhesive.
The latter eﬀect is important because the maximum load a
bond can withstand in clinical practice as well as in labora-
tory strength tests may be dictated primarily by the cohesive
strength of the adhesive, that is, under loading, the bond
fractures due to cohesive failure of the adhesive rather than
failure of the adhesive-substrate bond. In other words, the
cohesive strength of the adhesive, and not the adhesion bet-
ween adhesive and the substrate, may be the limiting factor
in bond strength tests and in clinical practice.
3. Forces in Adhesion
Adhesion is the propensity of dissimilar particles and/or sur-
f a c e st oa d h e r eo rb o n dt oo n ea n o t h e ra n dc a nb ed i v i d e d
into three basic types, Table 1. Speciﬁc adhesion is achieved
throughmolecularinteractionsbetweentheadhesiveandthe
substrate surface. The intermolecular forces produce speciﬁc
adhesion although this can really be divided into three dif-
ferenttypes,namely,chemicaladhesion,dispersiveadhesion,
anddiﬀusiveadhesion,towhichareaddedmechanicaleﬀects
in eﬀective adhesion. However, a distinction must be made
between weak intermolecular interactions and strong chem-
ical bonds. Although chemical bonds can form in a few sub-
strate/adhesive combinations, for example, epoxy resin and
aluminum, they are generally uncommon in dentistry except
for those that occur between carboxylate-based luting agents
and the calcium within dental hard tissues. When there are
chemical bonds within the adhesive joints, they can account
for up to 50% of all interactions although the long-term sta-
bility of these bonds is usually dependent on their resistance
to moisture.
In addition to the intermolecular and chemical adhesion
forces, micromechanical adhesion also can be involved in
the overall adhesion phenomenon. In such cases, the adhe-
sive can eﬀectively cling to a roughened substrate surface
and increase overall adhesion, for example, chewing gum
attached to the soles of our shoes.
4. Mechanisms of Adhesion
The strength of the adhesion between two materials depends
on the interactions between the two materials, and the sur-
face area over which the two materials are in contact. As a
result, a number of factors enter into the overall adhesion
system.
4.1. Contact Angle and Surface Tension. Materials that wet
against each other tend to have a larger contact area than
those that do not, however, wetting depends on the relative
surface energies of the adhesive and substrate materials.
Low surface energy materials such as poly(tetraﬂuoroethy-
lene)orPTFEandsiliconematerialsdonotwetandareresis-
tanttoadhesivebondingwithoutspecialsurfacepreparation,
hence the use of these polymers to manufacture nonstick
cookware and other nonstick surfaces.
Wetting is the ability of a liquid to form an interface with
a solid surface and the degree of wetting is evaluated as the
contact angle θ formed between the liquid and the solid
substrate surface. This is determined by both the surface
tensionoftheliquidandthenatureandconditionofthesub-
strate surface. The smaller the contact angle and the lower
the surface tension of the liquid, the greater the degree of
wetting, that is, the droplet of liquid will spread across the
substrate surface provided the latter is clean and uncontam-
inated, as shown in Figure 4. A clean surface allows good
wetting, that is, the contact angle θ is close to 0◦, Figure 4(a).
T h e r ew i l lb eag r e a t e rc o n t a c ta n g l e( θ is greater than 0◦ but
less than 90◦, i.e., 0◦ <θ<90◦) with a slightly contaminated
surface, Figure 4(b), and the contact angle between the
liquid and a contaminated surface or one with low surface
energy will exceed 90◦, Figure 4(c). The latter condition is
sometimes referred to as dewetting and the liquid will form
droplets on the substrate surface.
The contact angle θ is a function of both dispersive adhe-
sion (the interaction between the molecules in the adhesive
and those of the solid, as discussed later) and the cohesion
within the liquid adhesive. If there is strong adhesion to the
substrate surface and weak cohesion within the liquid, there
isahighdegreeofwetting,oftentermedlyophilicconditions.
Conversely, a combination of weak adhesion and strong coh-
esion, referred to as lyophobic conditions, results in high
contact angles and poor wetting of the substrate surface, that
is, droplets form on the surface rather than a ﬁlm of ﬂuid.
A small contact angle indicates more adhesion is present
becausethereisalargecontactareabetweentheadhesiveand
the substrate, resulting in a greater overall substrate surface
energy and a high interactive force between the liquid and
the substrate.
These relationships can be put in another way. When the
surface is wetted, the contact angle is less than 90◦ (θ<90◦),
the substrate has high surface energy and the adhesion forces
between substrate and liquid are greater than the cohesive
forces within the adhesive (i.e., the surface tension of the
liquid,γ)andtheliquidcanspreadoverthesubstratesurface.
If the surface has low energy (or is contaminated), θ>90◦
and cohesion within the adhesive can exceed the adhesion
between liquid and substrate such that there is poor wetting
ordewetting,withtheliquidformingdropletsonthesurface.
Surface scientists express things in a diﬀerent way and
refer to interfacial tension using the terms liquid-air inter-
facial tension, γLA (i.e., the liquid’s surface tension), solid-
liquid interfacial tension, γSL (i.e., the surface tension bet-
ween the solid and the liquid, which approximates to the
surface adhesion between liquid and solid) and the solid-air
interfacial tension, γSA (i.e., the surface tension between the4 International Journal of Dentistry
Table 1: Basic types of adhesion.
Type Characteristics
Speciﬁc Molecular attraction between surfaces in contact
Mechanical Adhesion arising from mechanical interlocking between the
adhesive and the substrate surface
Eﬀective Optimal bonding between adhesive and substrate surface due to
combined eﬀects of speciﬁc and mechanical adhesion
θ = 0◦
(a)
θ ≤ 45◦
(b)
θ ≥ 105◦
θ = contact angle between liquid and solid
(c)
Figure 4: Liquid/surface contact angles for clean, slightly contaminated, and contaminated surfaces.
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Figure 5: Interfacial tensions for a drop of liquid on a surface.
solidandair,whichapproximatestothesurfaceenergyofthe
solid), Figure 5.
Surface tension is commonly expressed as dyne/cm,
although it should really be given in the recommended SI
units of N/m or J/m2. Figure 6 indicates the relative surfaces
tensions of some common liquids.
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Figure 6: Surface tensions of common liquids.
For a contact angle of θ◦, these entities are related by
Young’s equation,
γLA ·Cosθ = γSA −γSL. (1)
If there is complete wetting of the substrate surface, that
is, when θ = 0a n dC o sθ = 1, Young’s equation indicatesInternational Journal of Dentistry 5
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Figure 7: Critical surface tensions of solids (in dyne/cm).
that γLA = γSA − γSL or γLA ≤ γSA. In other words, if the
surface tension of the adhesive (γLA) is less than the surface
energy of the substrate surface (γSA), the adhesive will spread
over the substrate. For maximum adhesion, the adhesive
must completely cover or spread over the substrate, that is,
eﬀectively wet it. The contact angle between the adhesive
and the substrate is, therefore, a good indicator of adhesive
behavior.
The value of γSA when Cosθ = 1 is the critical surface
energy (CSE) and equals the value of γSL when the liquid
just spreads over the surface. The critical surface tension of
several materials is shown in Figure 7. The very large diﬀer-
ence in CSE between say glass and PTFE and polyethylene
indicates the diﬃculty of bonding to the two resins.
Wetting of the surface occurs when the adhesive surface
tension (γSL) is less than the critical surface energy. This is
often expressed as the adhesion quotient which requires the
substrate surface energy (γSA) to exceed the surface tension
of the adhesive liquid (γSL) by 10 dyne/cm. If the reverse is
true, that is, (γSL ≥ γSA), surface wetting is poor, adhesion is
reduced and the adhesive tends to pull away from the surface
during the curing process.
The “take home message” here is that the adhesive liquid
must wet the substrate surface and such factors as surface
contamination, surface conditioning, presence of moisture,
and the adhesive used all aﬀect the adhesion between sub-
strate and adhesive. A small contact angle indicates more ad-
hesionispresentbecausethereisaninteractiveforcebetween
the liquid and solid phases.
4.2. Chemical Adhesion. If the adhesive and substrate can
form a compound at their interface or union, the ionic
or covalent bonds that are formed result in a strong bond
between the two materials. A weaker bond is formed when
there is hydrogen bonding, that is, a hydrogen atom in one
molecule is attracted to an electron-donor atom such as nit-
rogenoroxygeninanothermolecule.Thus,whenthesurface
atoms of an adhesive and substrate form ionic, covalent, or
hydrogen bonds, chemical adhesion occurs. However, it can
be seen that whereas the strengths of these chemical bonds
can be high, Figure 8, their lengths are short and therefore
forbondingtooccur,surfaceswiththepotentialforchemical
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Figure 8: Bond energies and bond lengths of adhesive forces.
bonding must be brought very close together and remain in
this proximity for the bond to be stable.
Although the average lengths of hydrogen bonds are
comparable to those of covalent and ionic bonds, they
are an order of magnitude weaker. In the case of dental
cements,zincpolycarboxylatesprovidesomechemicalbond-
ing between the carboxylate molecule of the cement and
hydroxyapatite mineral in the tooth, whereas bonding with
zinc phosphate cements is wholly mechanical in nature.
4.3. Dispersive Adhesion. In dispersive adhesion or physisor-
ption, the surfaces of two materials are held together by van
der Waals forces. The latter are the attractive forces between
two molecules, each of which has a region of small positive
and negative charge such that the molecules are polar with
respect to the average charge density of the molecule; it
should be noted that there may be multiple poles (regions of
greater positive or negative charge) with larger and/or more
complexmolecules.Ifthesepositiveandnegativepolesarean
inherent property of a molecule, they are known as Keesom
forces, whereas polarity, that is, a transient eﬀect due to ran-
dom electron motion within the molecules that cause a tem-
poraryconcentrationofelectronsinoneregionareknownas
London forces. London dispersion forces, which result from
statistical quantum mechanics, are particularly useful in ad-
hesion because they arise without the need for either the
adhesiveorthesubstratesurfacetohaveanypermanentpola-
rity. Adhesion in surface science commonly refers to disper-
sive adhesion.
Although van der Waals bond lengths are longer than
those of other molecular forces, see Figure 8, they are still
short in absolute terms so that these forces only act over very
small distances. About 99% of the work required to break
van der Waals bonds is performed once the joined surfaces
are separated by more than a nanometer and, as a result,
the eﬀectiveness of adhesion due to chemical or dispersive
bonding is limited. Once a crack is initiated, it propagates
easily along the interface because of the brittle nature of the
interfacial bonds and, consequently, greater contact surface
areasoftenprovidelittlediﬀerenceinthemeasuredadhesion.6 International Journal of Dentistry
This topic will be returned to when the adhesion zone is
discussed.
4.4. Diﬀusive Adhesion. Some materials may merge or inter-
mingle at the bonding interface by diﬀusion, typically when
the molecules of both materials are mobile and/or soluble in
each other, which typically is the case with polymer chains
where one end of a molecule can diﬀuse into the other
material. This form of interaction, known as interdigitation,
occurs when a resilient denture liner is processed onto an
acrylic resin denture base, or when a fractured denture is
repaired with acrylic resin. In such cases, bonding arises
from the mutual solubility and interactions between methyl
methacrylate(monomer)intherepair(orliner)materialand
the surface of the poly(methyl methacrylate) or acrylic base
with diﬀusive adhesion (bonding) resulting from sections of
polymer chains from the applied material interdigitating
withthesubstratesurface.However,themobilityofthepoly-
mers strongly inﬂuences their ability to interdigitate to achi-
evediﬀusive bonding. Cross-linked polymers are less capable
of diﬀusion and interdigitation because of their restricted
mobility whereas non-cross-linked polymers have greater
mobility and interdigitate more readily. These diﬀerences
account for the fact that it is easier to bond a resilient liner to
arecentlyprocessedacrylicbase,orevenduringprocessingof
the denture base, because the acrylic resin has a greater sur-
face reactivity, that is, there is greater mobility of its surface
polymer chains, than when attempting to reline a denture
base
Diﬀusive adhesion is also the mechanism involved in sin-
tering as, for example, when metal or ceramic powders are
compressed and heated so that atoms diﬀuse from one par-
ticle to the next to produce a solid mass. Diﬀusive bonding
occurs when atoms from one surface penetrate into an adja-
cent surface while still being bound to their surface of origin.
This is the mechanism involved in the fusing of porcelain
to metal in the fabrication of a PFM crown. Since diﬀusive
adhesion requires interaction of atomic species between two
surfaces, the greater the time that the two surfaces can inter-
act, the more diﬀusion occurs and, accordingly, the stronger
the adhesion is between the two surfaces.
4.5.MechanicalAdhesion. Whenuncured,adhesivesareﬂuid
and they can ﬂow over the substrate, ﬁlling the voids, rugo-
sity, and pores of the surface and attach or “bond” to that
surface by mechanical interlocking. This is often referred to
as micromechanical adhesion and is shown schematically in
Figure 9.
Micromechanicaladhesionistheprimarymechanismfor
luting of restorations to teeth with dental cements and prob-
ably also contributes signiﬁcantly to bonding achieved with
resin-based adhesives as, for example, in ﬁssure sealants and
direct bonding of restorative resins. The eﬀectiveness of
micromechanical adhesion is determined in large part by the
wetting of the substrate by the luting agent in that poor wet-
ting of the substrate by the luting agent will inhibit good ap-
position of cement and substrate. Further, the luting agent
must be able to ﬂow into the surface voids, and so forth, and
for this process to occur, the adhesive must have a low
Adhesion zone
Adhesive Substrate
Figure 9: Micromechanical adhesion (schematic).
viscosity. Water, for example, has a viscosity of 1 centiPoise
(cP) and that of alcohol is 1.2cP. Many other ﬂuids,
however, have much higher viscosities, for example, 9.22cP
for eugenol (oil of cloves), 1490cP for glycerin and ∼104cP
for honey, and the very large diﬀerence in the viscosities of
honey and water explains why water ﬂows far more readily
than honey. It should be noted that the SI units for viscosity
are Pas (Pascal seconds) and are equivalent in magnitude to
often quoted cP values.
Inevitably, micromechanical adhesion of a luting agent
to a surface is not simply a matter of wetting (i.e., contact
angles)andtherheologicalorﬂowpropertiesoftheadhesive.
Other factors also enter into micromechanical adhesion,
notablytheelectrostaticforces(bothattractiveandrepulsive)
that may be operating between the adhesive and the micro-
topography of the substrate as well as a property of the ap-
plied ﬂuid known as thixotropy. A thixotropic ﬂuid is one
that under the action of mechanical forces such as stirring,
vibration, and even kneading will temporarily transform to a
state that has a lower viscosity and which exhibits better ﬂow
than the ﬂuid in its static state. Thixotropic behavior is an
important characteristic for endodontic (root canal) sealants
which are required to ﬂow into a root canal, often under vib-
ration. Further, thixotropy is often incorporated into indus-
trial and domestic paints by additives such as silicic acid and
is probably present in various dental adhesive and cement
formulations. Thixotropy, when present in an adhesive, pro-
vides certain advantages to the overall adhesion system. In
particular, when a thixotropic adhesive is applied to a sub-
strate surface, it will remain in place, even on vertical sur-
faces. Further, because adhesive ﬂow is determined in part by
the mechanical forces imposed on the adhesive, there can be
greater control of the adhesive ﬁlm thickness combined withInternational Journal of Dentistry 7
improved ﬂow into the microtopography of the substrate
surface.
5. The Adhesion Zone
It follows from the above that the adhesive bonded to a
substrate often has a modiﬁed molecular structure at the
bonding interface. This interfacial region is known as the
adhesion zone (Figure 9) and is characterized by the changes
in the adhesive (and sometimes in the substrate) that may
arise from the bonding interactions.
The transition zone, the region between the bonding
interface and the bulk of the adhesive, is the area over
which the chemical, mechanical, and optical properties of
the adhesive diﬀer from those of the bulk adhesive. It varies
in thickness, from a few nanometers up to a few millime-
ters, with the thickness depending on the nature of the sub-
strate surface, the chemical composition, and physical char-
acteristics of the adhesive being applied and the curing con-
ditions.Wheretherearethicktransitionzonesand/ornarrow
adhesion zones, the behavior of the entire bonding interface
may be dependent on the properties of the transition zone
because the properties, notably strength, of the adhesive
may be impaired because of inadequate cohesion within the
adhesive. It is considerations such as these that determine, at
least in part, the selection of the optimum luting agent for
the various combinations of luting agents and restorations
that were discussed by Pameijer in his review of luting agents
[8].
6.Adhesive Dentistry
Adhesive dentistry, whether it is the cementation (or luting)
of a restoration to a prepared tooth or restoration with a
composite resin, involves the application and curing of an
adhesiveattheinterfacebetweentoothtissueandtherestora-
tivematerial.Consequently,alloftheaspectsofadhesionand
cohesion discussed above are involved in this process.
Restorationwithacompositematerialhasthreeprincipal
steps. The ﬁrst is the creation of microporosity in ena-
mel or dentin by acid etching either through application of
an etchant or by the in situ action of an etchant/primer/ad-
hesive. The second step is the application of a primer/adhe-
sive which wets and penetrates the created microstructure
although because the surface energies of etched enamel and
etched dentin diﬀer, diﬀerent primers are required for the
two substrates. Finally, a resin is applied to the primed sur-
face so that when polymerized in situ, it micromechanically
(i.e., there is mechanical adhesion) interlocks with the
substrate microporosity together with a degree of chemical
bonding, with some materials exhibiting better chemical ad-
hesion than others.
7.DentinBonding
Bonding to dentin presents greater problems than to enamel
becauseithasahighorganiccontent,anon-uniformcompo-
sition and it is permeated by tubules. Further, after mechani-
cal treatment, a 3–15μm thick, featureless, and poorly adhe-
rentsmearlayeroforganicdebriswillform.Whilethissmear
layer can provide pulpal protection by reducing dentin per-
meability, it hinders bonding.
Bonding to dentin involves three stages, namely, condi-
tioning, priming, and bonding, although some commercial
bonding systems combine two or more stages into a single
step. The conditioning stage involves modifying or removing
the smear layer by acidic conditioners, the precise approach
beingdeterminedbythebondingsystemused.Primingisthe
key step in dentin bonding because it promotes interactions
between hydrophobic restorative resins and hydrophilic den-
tin. Primers (dentin bonding agents) are bifunctional mole-
cules,oneendbeingamethacrylategroupthatbondstoresin
and the other a reactive group that reacts with dentin. Thus,
primers are coupling agents, that is, they are bifunctional
molecules that primarily bond to calcium but may also inter-
act with collagen. The bonding (adhesive) agent is a ﬂuid
resin that ﬂows over and wets the primed surface to form an
eﬀective bond when cured in situ.
It should be noted that many manufacturers combine
manyoftheconditioning,primingandbondingstepsintheir
systems. If the primer and conditioner are combined as with
self-etching primers, the smear layer is incorporated within
the primer that directly contacts the dentin and constitutes
the adhesive zone. The subsequently applied restorative resin
bonds to primed dentin when polymerized. An advantage
with self-etching primers is that the dentin is maintained
in a moist condition throughout the bonding procedure
although enamel etching with such systems is less eﬀective
than with phosphoric acid treatment. Alternatively, the pri-
merandadhesivemaybecombinedsothattheappliedmate-
rial will inﬁltrate the collagenous network created by condi-
tioning to form a hybrid (resin-inﬁltrated reinforced) layer.
Subsequently, applied restorative resin, when polymerized,
bonds everything together.
Although high bond strengths (≥20MPa) to dentin may
be achieved, bond failures commonly involve cohesive frac-
ture of the dentin such that these systems are not infallible.
They tend to be technique and material sensitive and may
require successive treatments for optimal bonding. Further,
regardless of high bond strengths, which suggest good adap-
tationtothedentin,goodbondingandtheabsenceofleakage
are not synonymous and no system provides consistent leak-
free restorations.
8. Conclusions
It follows from the above discussion that the performance of
an adhesive in the luting of a restoration to a tooth will be
dictated by a multiplicity of factors. Ideally, laboratory bond
strength test values and the resistance of luted restorations
to clinical loads will be maximized when the propagating
crack that causes bond failure has to travel through the
adhesion zone rather than the bulk adhesive. In other
words, optimal retention is achieved when adhesion rather
than the cohesive strength of the adhesive determines the
overallstrengthofthebond[9].Nevertheless,themechanical8 International Journal of Dentistry
properties of the luting agent often can have a marked
impact on the resistance of the luted restoration to applied
forces when the thickness of the cement ﬁlm is markedly
greater than the width of the adhesion zone, as noted by
in vivo determinations of cement ﬁlm thicknesses beneath
restorations [10].
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